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SUMMARY 

The  effects  of  a  tailored  afterbody  on  longitudinal  stability »  spray, 
directional  stability  and  elevator  effectiveness  are  deduced  from  the  results 
of  tests  on  two  models  of  length/beam  ratio  11,  which  were  alike  in  every  respect 
except  that  of  afterbody  shape;  one  afterbody  was  of  standard  form  and  the 
other  was  tailored. 

It  was  found  that  tailoring  the  afterbody  considerably  improved 
stability  characteristics,  both  longitudinal  and  directional,  improved  spray 
characteristics  and  slightly  impaired  elevator  effectiveness. 

The  detailed  test  results  for  the  tailored  afterbody  model  are  also 
included  and  discussed. 
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1.  lOTRODUCTION 

This  report  is  in  two  main  sections;  the  first  deals  solely  with 
the  results  of  tests  on  the  stability  and  spray  oharaoteristios  of  Model  J, 
which  is  one  of  the  series  of  models  detailed  in  Reference  a  list  of  which 
is  given  in  Table  I,  vhile  in  the  second  these  results  are  compared  with  those 
for  Model  A  (the  basic  model  of  the  series)  to  determine  quantitatively  the 
effects  of  a  tailored  afterbody  on  the  hydrodynamic  stability  and  spray 
characteristics  of  a  hi^  length/beam.  ratio  hull, 

2.  THE  STABILITY  AKD  SPRAY  CHARACTERISTICS  OF  MODEL  J 

The  tests  performed  on  Model  J  included  the  determination  of 
longitudinal  stability  limits  at  Ca  =  2,25  and  2,75  without  slipstream  and 
of  the  spray  characteristics  at  the§e  values  of  Ca^’  assessment  of 

directional  stability  for  Ca  =  2,75  with  the  model  constrained  in  roll. 

The  techniques  used  in  the  tests  and  tiie  presentation  of  results,  together 
with  the  reasons  for  using  them,  are  considered  in  References  1  and  2,  though 
a  brief  summary  is  given  below. 

Figures  are  included  showing  the  limits  and  there  are  a  number  of 
subsidiary  diagrams,  IVhere  possible  results  have  been  presented  non- 
dimensiona lly  and  cuives  for  Model  A  have  been  included  to  facilitate  comparison, 

2.1,  Description  of  Model 

Model  J  has  a  length/beam  ratio  of  11  (the  forebody  being  6  beams  in 
length  and  the  afterbody  5  beams),  an  afterbody  to  forebody  keel  angle  of  6  .  a 
straight  transverse  step  with  a  step  depth  of  0,15  beams  and  a  tailored  afterbody 
it  has  no  forebody  warp  and  no  step  fairing.  Pull  details  are  given  in 
Reference  1  of  considerations  affecting  the  general  design  of  the  models, but 
hull  lines  and  photographs  of  model  J  are  given  in  Figures  1  and  2  respectively , 
while  hydrodynamic  and  aerodynamic  data  are  given  in  Tables  II  and  III,, 

Model  J  was  designed  with  the  object  of  assessing  the  benefit,  if 
any,  to  be  obtained  by  applying  the  design  procedure  ( "tailoring")  laid  down 
in  Reference  14  to  the  afterbody  of  a  hull  of  high  length/beam  ratio. 

Briefly,  this  procedure  consists  of  determining  the  wake  shape  behind  ^e 
forebody  for  a  number  of  representative  speed-attitude  combinations  (high  and 
low  attitudes  at  low,  medium  and  high  planing  speeds),  selecting  the  case  with 
the  least  afterbody-wake  clearance,  and  choosing  an  afterbody  deadrise  angle 
at  each  station  such  that  the  vertical  separation  of  the  keel  and  the  wake  is 
_l[i  a  II  In  i  than  that  of  the  wake  and  any  other  portion  of  the  planing  bottom  at 
that  station.  The  deadrise  angles  so  obtained  are  then  used  as  a  basis  for 
an  afterbody  with  a  smooth  deadrise  angle  distribution,  that  resulting  for 
Model  J  being  shown  in  Figure  3  together  with  the  standard  afterbody  deadrise 
angle  distribution  of  Model  A, 

2.2,  Description  of  Tests 

2.2. 1,  General 

All  tests  were  made  with  one  C.G.  position,  no  slipstream, 
zero  flap  and  at  steady  speeds  only.  The  pitching  moment  of  inertia  of 
the  model  was  23.90  Ib.ft.^  in  all  longitudinal  stability  tests. 

2.2.2. Lift 

Lift  runs  were  made  at  constant  speed  with  the  model  clear  of 
the  water,  over  a  range  of  attitudes  with  Ti  =  0*^,  and  the  effect  of  elevator 
was  determined  at  five  attitudes.  The  resulting  curves  arej^ven  in  Figure  4. 

2.2.3»Longitudinal  Stability 

Longitudinal  stability  tests  were  made  by  towing  the  model 
from  the  wing  tips  on  the  lateral  axis  through  the  centre  of  gravity,  the  model 
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being  free  in  pitch  and  heave.  The  value  of  the  elevator  setting  was  selected 
before  each  run,  and  the  model  towed  at  constant  speed.  The  angle  of  trim 
was  noted  in  the  steady  condition,  and  if  the  model  proved  stable  at  the  speed 
selected  it  was  given  nose-down  disturbances  to  determine  whether  instability 
could  be  induced,  the  amount  of  distxxrbance  given  to  cause  instability  being  in 
the  range  0-14°.  Stability  limits  were  built  by  these  methods,  the  disturbed 

limits  representing  the  worst  possible  case.  Tests  were  carried  out  with  = 
2,25  and  2,75  and  the  corresponding  trim  curves  and  stability  limits  a  re  given 
in  Figures  5-8.  The  limits  for  the  different  values  of  are  plotted 
together  for  comparison  on  a  base  in  Figure  9>  which  includes  the  correspond¬ 
ing  curves  for  Model  A.  Figures  10  and  11  show  load  coefficient  curves  calculated 
fresn  the  lift  and  trim  ciirves. 

When  steady  porpoising  occurred,  either  with  or  without  disturbance, 
the  amplitude  was  noted,  amplitude  for  this  purpose  being  defined  as  the  differ¬ 
ence  between  the  maximum  and  minimum  trims  attained  in  the  oscillation.  These 
amplitudes  are  plotted  in  Figures  12  and  I3,  for  the  various  cases  concerned, 

2. 2. 4. Spray  and  Wake  Formation 

Photographs  were  taken  of  the  spray,  from  three  different 
positions,  over  a  range  of  speeds  and  with  elevators  set  at  -8°,  A  number 
of  these  photographs  are  reproduced  in  Figures  16  to  19.  They  have  been 
used  to  determine  the  projections  of  the  spray  envelopes  on  the  plane  of  symmetiy 
of  the  model  at  the  different  values  of  CAq»  and  these  projections  are  plotted 
together  with  those  for  Model  A  in  Figure  20,  This  method  of  plotting  differs 
from  that  originally  proposed  (Reference  1)  but  is  felt  to  be  more  realistic. 

The  absence  of  projections  orthogonal  to  these,  which  cannot  be  obtained  from 
the  photographs  is  not  serious  since  the  photographs  enable  the  positions  of  the 
spray  blisters  to  be  Judged  qualitatively,  and  in  any  case  the  curves  are 
intended  for  conparison  purposes  rather  than  for  absolute  measurements.  It 
should  be  noted  that  in  plotting  the  projections  velocity  spray  has  in  general 
been  ignored. 


In  addition  to  the  spray  photographs,  photographs  of  the 
wake  region  were  taken  from  two  different  positions  and  are  reproduced  in 
Figures  I4  and  15,  These  photographs  covered  a  range  of  speeds  and  elevator 
settings,  the  combinations  being  selected  to  give  the  maximun  possible  variation 
cf  wake  formation  and  position  relative  to  the  afterbody  in  the  stable  planing 
region. 


2, 2. 5. 'Directional  Stability 

In  the  directional  stability  tests,  the  model  was  pivoted 
universally  at  the  C.G.  and  then  separately  constrained  in  roll  so  that  it 
was  free  in  pitch,  yaw  and  heave.  The  roll  constraint  was  introduced  after 
it  had  been  ascertained  on  a  previous  model  (Reference  3)  that  it  had  no 
appreciable  effect  on  directional  stability.  The  model  was  towed  fran  the 
C.G.  and  moments  to  yaw  the  model  were  applied  by  means  of  strings  attached  to 
the  wing  tips  and  in  the  same  horizontal  plane  as  the  C.G. 

Steady  speed  runs  were  made  with  elevators  set  at  0  and  -  4 
degrees,  the  model  'being  yawed  up  to  at  most  18  degrees  and  the  values  of  yaw 
giving  equilibrium  detemined  by  the  operator  by  assessment  of  the  direction  of 
the  resulting  hydrodynamic  moment  on  the  model.  The  occurrence  of  very  high 
drag  forces  at  large  angles  of  ysw  at  high  speeds  made  it  in^jossible  to  investigate 
some  regions.  The  elevator  setting  of  zero  degrees  chosen  initially  was 
changed  to  -1+  degrees  about  halfway  through  the  tests  in  an  attempt  to  reduce  the 
porpoising  induced  by  yawing  the  model  with  the  zero  degree  setting.  Apart  from 

the  reduction  of  porpoising,  this  elevator  change  should  have  negligible  effect 
on  the  directional  stability  characteristics  of  the  model  (Reference  3).  The 
value  of  CAq  in  these  tests  was  2,75  and  the  resulting  stability  diagram  is 
given  together  with  the  corresponding  diagram  for  Model  A  in  Figure  21,  As  it 
had  been  previously  found  (Reference  5)  that  load  changes  have  little  effect  on 
directional  stability  it  was  not  considered  necessary  to  investigate  directional 
characteristics  at  both  values  of  Ca  • 
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Similar  tests  with  breaker  strips  fitted  were  not  carried  out 
on  this  model,  as  it  has  been  found  that  their  effect  is  onljr  to  remove  the 
outer  lines  of  equilibrium  at  the  higher  speeds  (Reference  1). 

2,2,6.  Elevator  Effectiveness 


Curves  of  elevator  effectiveness  calculated  from  the  longitudinal 
stability  diagrams  are  given  in  Figures  22  and  23.  The  final  curves  of  mean 
elevator  effectiveness  are  compared  with  those  for  Model  A  in  Figures  25. 

2,3.  Discussion  of  Results 

The  lift  curves  (Figure  4)  do  not  vary  substantially  from  those  for 
the  basic  model,  with  which  identical  wing  and  tail  units  were  used,  but  both 
the  elevator  and  attitude  ranges  have  been  extended  to  correspond  to  the  large 
trim  ranges  of  which  this  model  is  capable.  The  small  but  rather  sharp  change 

in  slope  of  the  lift  curves  occurring  about  =  7°  is  probably  due  to  the  high 

deadrise  afterbody. 

The  longitudinal  stability  of  the  model  is  fairly  good.  In  the 
undisturbed  case  at  CAq  =  2,25  (Figure  5»)  >  although  a  stable  take-off  path  is 
available,  there  is  a  region  of  low  amplitude  porpoising  Just  above  hump  speed 
which,  while  not  classified  as  instability  by  the  definitionused  for  these  tests', 
indicates  that  a  small  increase  in  load  would  produce  an  unstable  band  there,  • 
This  in  fact  has  happened  at  CAq  =  2,75  (Figirre  7)  >  but  the  instability  is 
found  only  over  a  narrow  speed  band  and  should  not  therefore  cause  much  trouble 
during  take-off.  At  each  weight  a  wide  stable  trim  range  is  available  over  most 
of  the  planing  range  of  speeds  and  the  region  of  upper  limit  instability  is  so 
small  as  to  be  negligible  in  a  practical  case. 

The  effect  of  disturbance  (Figures  6  and  8)  is  to  produce  a  vertical 
band  of  instability  across  the  take-off  path  at  the  lower  weight,  and  to  widen 
the  existing  hand  at, the  higher  weight.  In  both  cases  the  high  speed  ends 
of  the  lower  limits  are  raised  slightly,  but  the  upper  limit  unstable  regions 
are  unaltered  and  stability  generally,  though  worse  than  in  the  undisturbed 
case,  still  remains  reasonable.  Porpoising  amplitudes  (Figures  12  and  13) 
are  increased  by  disturbance,  but  not  greatly  as  they  are  already  large  in 
the  undisturbed  case,  and,  following  the  application  of  suitable  disturbances 
in  the  high  speed,  lower  limit  region,  the  model  leaves  the  water  during  each 
porpoising  cycle. 


The  effect  of  the  increased  load  on  stability  is  to  cause  a  reneral 
deterioration.  The  stability  limits,  both  undisturbed  and  disturbed  (Figure  9) > 
are  moved  bodily  up  the  speed  scale  by  about  one  unit  of  C^>  while  hump  trim, 
which  is  high  initially,  is  increased  by  approximately  one  degree j  trim  in 
general  is  raised  by  about  one  degree,  but  the  character  of  the  trim  curves 
remains  unchanged.  Porpoising  amplitudes,  both  undistuibed  and  disturbed,  show 
a  marked  increase  with  increase  in  weight. 

The  load  coefficient  curves  of  Figures  10  and  11  can  be  used  to  estimate 
flying  speeds,  but  it  should  be  noted  thatjno  allowance  for  ground  effect  has 
been  made  in  them, 

photographs  of  flow  in  the  wake  (Figures  14  and  15)  are  included  to  show 
the  position  of  the  afterbody  relative  to  the  wake  in  representative  positions  in  the 
undisturbed  stable  planing  region  so  that  its  association  with  upper  limit  undis¬ 
turbed  stability  in  particular,  and  disttirbed  stability  in  general,  can  be  investiga¬ 
ted,  It  may  be  recalled  that  the  aim  of  the  tailored  afterbody  design  technique  is 
to  ensure  good  afterbody  ventilation,  thereby  eliminating,  to  a  large  extent, 
instability  which  is  directly  attributable  to  poor  ventilation.  For  this  to  happen 
there  must  be  adequate  clearance  between  the  afterbody  chines  and  trough  walls  so 
that  tiie  inflqwing  air  suffers  no  impedance.  This  is  obtained  with  the  present 
design  as  can  be  seen  in  Figure  14(d)  which  illustrates  a  high  speed,  high  attitude 
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oonfiguration,  stable  both  with  and  without  disturbance,  at  C^o  =  2.25,  in  a  region 
vjhero  upper  ILnit  instability  might  v-ell  be  expected.  The  rear  step  is  inr.ersed, 
but  npi'rt  from  the  rearmost  beam  the  chines  are  ^ell  clear.  Similar  remarks  may 
be  applied  to  Figure  15(<3)  which  is  for  a  comparable  configuration  at.  Cho  =  2,75* 
/although  the  attitude  here  is  lower  than  in  the  previous  case  the  aft  step  is  planing 
and,  ad  before,  chine  clearance  is  adequate. 

On  examining  the  remaining  photographs  of  Figure  14  it  can  be  seen 
that  in  (a)  and  (b)  the  afterbodies  ere  planing  while  in  (c)  and  (  e)  they  are 
clear.  From  the  relevant  stability  diagram,  ( a^  and  (o)  are  stable  follov«ing 
the  application  of  a  disturbance,  while  (b)  and  ( e)  are  \instable,  the  latter 
violently  so.  On  this  basis  therefore  there  is  no  relationship  between  the 
planing  of  the  afterbody  and  disturbed  instability.  Similar  remarks  can  be 
applied  to  the  remaining  photographs  for  the  higter  weight  case  in  Figure  15. 

Here  only  (c)  remains  stable  after  the  application  of  a  disturbanoe  and  only 
in  (a)  is  the  afterbody  planing. 

Two  main  conclusions  may  be  drawn  f ran  the  photographs  as  a  whole. 

The  first  is  that  the  afterbody  chines  are  in  every  case  well  clear  of  the 
trough  wall,  so  ventilation  from  this  source  should  be  adequate,  and  the  second 
is  that  all  chine  wetting  is  confined  to  within  ^  beam  of  the  aft  step,  so  that 
as  far  as  the  planing  range  of  speeds  is  concerned,  the  chines  forward  of  this 
point  could  be  faired,  thereby  further  improving  the  ventilation.  It  may  be 
remarked  that  in  the  present  case  the  chine  clearance  may  be  excessive.  This 
will  in  no  way  affect  the  conclusions  drawn  with  respect  to  the  tailored  afterbody? 
but  in  a  specific  design  it  will  clearly  be  advantageous  to  keep  afterbody  dead- 
rises  as  small  as  possible  in  order  to  maintain  maximum  afterbody  volume. 

Figures  16  -  19  show  the  spray  formation  at  two  weights  with  one 
elevator  setting  (ti=  -  8°),  mainly  over  the  displacement  range  of  speeds.  The 

Spray  characteristics  of  this  model  are  acceptable  at  the  lower  weight;  velocity 
spray  strikes  the  lindersurface  of  the  mainplane  at  Cy  =  3*63  and  4»09  while  the 
tailplane  is,  for  practical  purposes,  at  all  times  clear.  The  increase  in 
weight  however,  causes  a  rapid  deterioration;  heavier  velocity  spray,  and 
occasionally  main  spray,  hits  the  wing  undersurface  over  a  greater  speed  range 
than  at  the  lower  weight  and  the  tailplane  is  affected  by  broken  spray  from 
the  afterbody.  This  exaggerated  afterbody  spray  occurs  at  both  loadings  at 
about  Cy  =  3  and  can  be  clearly  seen  in  Figures  I6  and  18.  It  is  met  over  a 
very  limited  speed  range,  however,  and  should  not  be  significant  from  the  design 
point  of  view.  The  effect  of  weight  change  on  both  main  spray  and  afterbody 
spray  is  shown  clearly  in  Figure  20,  in  which  the  projections  of  the  spray 
envelopes  on  the  plane  of  symmetry  of  the  model  are  plotted. 

Details  of  the  interpretation  of  the  directional  stability  diagram 
(Figure  21)  have  already  been  given  in  Reference  1,  and  only  a  few  additional 
remarks  will  be  made  here.  The  directional  stability  of  Model  J  appears  to  be 
very  good.  Apart  from  the  short  speed  range  Just  above  Cv  =  3  where  unstable 
equilibrium  is  met  and  where  the  maximum  inherent  yaw  angle  is  limited  to  3 
degrees,  it  should  be  easy  to  control  this  hull  form  directionally  from  Cy  = 

2,6  upwards.  In  particular,  the  absolute  inherent  stability  at  hump  speed  (Cy  = 
4,5)  should  be  noted.  In  tiie  high  speed  region  only  very  small  moments  were 
necessary  to  initiate  or  curtail  a  yaw  and  on  several  occasions  w'hen  the  nominal 
limit  in  yaw  for  the  test  was  exceeded,  only  moderate  restraining  monents  were 
neoessaiy , 


The  diagrams  of  elevator  effectiveness  (Figures  22,  23  and  25)  show 
that  with  increase  of  load  there  is  a  decrease  in  effectiveness  which  is  almost 
independent  of  speed  within  the  range  covered, 

3.  THE  EFIECTS  OF  A  TAILORED  AFTERBODY  OF  STABILITY  AFP  SPRAY  CHARACTERISTICS 

3, 1.  General 

In  this  section  of  the  report  the  test  results  for  Model  J  already 
considered  are  canpared  with  similar  results  for  the  basic  model  of  the  seines. 
Model  A.  A  detailed  account  of  the  tests  on  Model  A  is  given  in  Reference  3,  but 
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the  main  results  are  incorporated  in  the  relevant  figures  of  the  present  report. 

The  two  models  were  identical  except  in  respect  of  the  afterbody  deadrise  angle 
distributions  and  these  are  compared  in  Figure  3?  i't  is  seen  that  large  increases 
in  deadrise  result  from  the  application  of  the  afterbody  tailoring  technique. 

The  same  test  methods  were  employed  consistently  throughout  the 
investigation  and  they  are  discussed  fully,  together  with  the  presentation  of 
results,  in  References  1  and  2;  a  resume  of  the  details  has  already  been  given 
in  Section  2  of  this  report.  All  the  tests  new  under  consideration  were  made 
with  zero  flap,  no  slipstream,  oneC«G.  position  and,  except  for  the  directional 
stability  assessment,  at  the  two  beam  loadings  Ca^  =  2.75  2,25;  directional 

tests  were  made  only  at  CAq  =  2.75* 

3,2.  Longitudinal  Stability 

The  effects  of  a  tailored  afterbody  on  the  longitudinal  stability 
limits  are  shown  in  Figure  9  where  both  undisturbed  and  disturbed  limits  for 
Models  A  and  J  are  compared.  In  the  undisturbed  oase  at  both  loadings,  tailor¬ 
ing  the  afterbody  has  resulted  in  a  considerable  increase  in  the  available 
stable  planing  region;  this  improvement  has  been  brought  about  in  each  case 
primarily  by  the  reduction  and  movement  to  higher  speeds  -and  attitudes  of  the 
upper  limit  unstable  region.  Higher  attitudes  are  attained  generally  and  in 
particular,  the  lower  limits  for  Model  J  extend  to  higher  attitudes;  at  CAo  =  2,25 
maximian  lower  critical  trim  has  been  raised  by  2  degrees,  while  at  CAq  =  2,75 
the  low  speed  neck  of  instability  is  similarly  raised  by  about  2  degrees. 

4 

The  effect  of  load  change  on  the  undisturbed  limits  is  only  modified 
slightly  by  the  tailored  afterbody,  the  general  form  of  each  set  of  limits 
remaining  unchanged  at  each  weight.  The  raising  of  the  lower  limit  with  increase 
of  weight  is  reduced  slightly  by  tailoring  and  the  upper  limit,  while  being 
found  at  higher  speeds  as  in  the  basic  model  case,  is  not  raised  by  weight  increase. 

In  the  disturbed  case  the  results  of  tailoring  the  afterbody  are  very 
similar  in  detail  to  those  of  the  undisturbed  case;  the  improvement  is  much 
greater  however,  with  theavailable  stable  planing  region  being  almost  doubled. 

The  general  relationships  between  the  two  sets  of  limits  are  the  same  from  weight 
to  weight  and  it  is  clear  that  the  effects  of  load  changes  are  unaltered  by  the 
tailored  afterbody. 

As  the  improvement  or  increase  in  the  stable  planing  region  obtained 
by  tailoring  the  afterbody  is  greater  in  the  disturbed  than  in  the  undisturbed 
cases,  it  follows  that  the  resistance  of  the  model  to  disturbance  has  been 
greatly  increased  i.e,  the  general  level  of  critical  disturbances  has  been 
raised  (Reference  15).  Examination  of  Figure  9(b)  indicatesthat  this  effect  is 
greatest  at  high  attitudes,  being  progressively  reduced  with  decrease  of  attitude, 
until  it  becomes  negligible  in  the  high  speed,  lower  limit  regions. 

An  explanation  of  distiorbed  instability  in  terms  of  afterbody  suctions 
has  been  offered  by  Gott  and  upheld  by  recent  experience  Accepting 

this  it  follows  that,  as  some  disturbed  instability  is  still  obtained  with  the 
tailored  afterbody,  there  must  remain  some  regions  of  afterbody  suction  i.e,  the 
design  technique  is  not  quite  correct  or  it  has  been  inadequately  applied.  In 
view  of  the  gains  obtained  and  on  general  physical  ground,  there  is  no  reason  for 
suspecting  the  technique,  so  the  application  must  be  at  fault.  An  obvious 
source  of  suction  on  Model  J  is  the  transverse  vertical  step,  the  space 
inmedia tely  behind  which  is  normally  a  low  pressure  region.  If  this  step  were 
streamlined  or  ducted  and  all  afterbody  suctions  were  thereby  alleviated,  one 
might  expect  complete  elimination  of  disturbed  instability.  The  effects  of  such 
modifications  on  upper  limit  undisturbed  instability  could  hardly  be  detrimental 
and,  as  with  the  present  tailored  afterbody  only  negligible  upper  limit  instability 
is  met,  the  issue  is  of  secondary  importance.  In  any  practical  design  incorporat¬ 
ing  a  tailored  afterbody,  then,  the  main  step  should  be  either  streamlined  or 
ducted. 


During  the  tests  Just  considered^ the  pitching  monents  of  inertia  of 
Models  A  and  J  were  22.90  and  23. 90  lb.ft.2  respectively.  By  the  conclusions 
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of  Reference  2,  moment  of  inertia  increases  of  up  to  4*^  have  no  appreciable 
effecrb  on  the  limits,  so  the  difference  in  moment  of  inertia  TO.lues  does  not 
affect  the  foregoing  discussion. 

The  effects  of  a  tailored  afterbody  on  trim  are  illustrated  in 
Figure  24,  where  trim  curves  farTi=  0°,  which  have  been  taken  as  typical,  are 
compared.  At  both  loadings  there  is  an  increase  in  trM  in  the  static  float¬ 
ing  condition  of  which  value  increases  over  the  displacement  range  of 

speeds,  becoming  2°  at  the  huiup,  and  the  curves  tend  to  run  just  belt^/  those 
for  the  unmodified  afterbody  in  the  planing  speed  range.  This  positioning  o 
the  tailored  afterbody  trim  curves  belo\/  those  of  the  standard  afterbody  is 
general  over  the  planing  speed  range  of  trims,  the  effect  being  slightly  greater 
at  the  higher  weight  than  at  the  lanev ,  and  is  what  one  would  expeco  follaving 
a  relief  of  suctions  in  the  tailored  afterbody  case. 

Amplitudes  of  porpoising  (Figures  12  and  13  and  Reference  3)  are  not 
materially  affected  in  the  undisturbed  case  at  either  v/eight  by  tailoring  the 
afterbody;  in  the  disturbed  case,  however,  tailoring  reduces  amplitudes 
slightly  at  the  lower  weight  and  increases  them  at  the  higher  weight. 

3.3.  Wake  formation 

Consideration  has  alread,y  been  given  in  Section  2  to  the  photographs 
of  flow  in  the  ’.vake  behind  the  tailored  afterbody.  A  re-cxmmination  of  these 
photogranhs  in  conjunction  with  the  corresponding  ones  for  the  basic  model 
gives  a  general  quantitative  impression  of  the  amount  of  vake-cn me  clearance, 
which  is  considerable,  actually  obtained  by  applying  the  tailoring  ceonnique 
to  an  afterbody.  Detailed  comparison  is  only  possible  in  isolated  cases 
because  of  the  representative  nature  of  the  photographs  and  little  more  is  to 

be  learned  from  this  source. 

3.4.  Spray 

The  effects  of  a  tailored  afterbody  on  spray  are  sho’.-ra.  at  both  load¬ 
ings  in  Figure  20.  At  C  Ao  =  2.25  the  projections  for  both  models  are  continuous 
and  show  that  in  each  case  the  min  planes  were  more  or  less  clear  of  spray. 

At  positive  values  of  however,  in  which  region  the  spray 
to  low  displacement  speeds,  the  curve  for  the  tailored  alter oody  model  i 
Sl^that^^for  the  basic  mkel,  indicating  a  useful  reduction  in  spray 

height  in  the  vicinity  of  the  propeller  plane;  at  higher  ^  ^ 

liSble  difference  betv/een  the  spray  profiles.  The  peculiar  afterbody  spray 
formtion  of  Model  J,  which  occurs  at  both  weights,  ^has  oeen  . 

Section  2  3  and  should  not  be  significant  because  oi  res  short  duration  auring 
tate-Sf  or  landing.  At  the  higher  loading,  Cao  =  2.75,  the  improvement  in  Im 
speed  spray  characteristics  obtained  with  the  tailored  afteroody  is  /eri^ied  and 
appears  to  be  unchanged  in  imgnitude.  The  general  deterioration  duo  ^o_the 
weLht  increase  is  obvious  in  tliat  the  profiles  are^nov/  discontinuous,  indica 
ing  that  min  spray  cr  heavy  velocity  spray  struck  xhe  mainplane. 

The  improvement  in  spray  characteristics  obtained  Avith  the  tallied 
afterbody  follaTS  directly  from  the  consequent  increased  attituacs  at  a  give 

There  «ill  be  minor  eha.rgee  "AfoSein 

only  have  a  simll  effect  on  spray.  The  movement  backward  of  tne  spray  or i,-,ir, 
p-iven  speed  vrith  the  increase  in  attitude  can  be  seen  .uien  comparing,  the 
AAIA?  sAy’ph"4raphs  and  le  considerable  ai  C,  =  3  and  4  ai  both  v,er^hrs. 


3,5.  Directional  Stability 

Directional  stability  diagrams  for  the  t./o  models  are  cornered  in 
Ficnre  21  It  can  be  seen  tliat  tailoring  the  afterbody  has  resulted  in  a 
ooSIIerahe Aerall  i..proTe»nt  in  directional  onaraoteristroe  at  pre-h^p 

rd:ri  rrnh:reir-Se4Td  if  i^  sifesr:;ras^srth:» 

Arro::ldr  eSA":A?oSbi:  the  baao 
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model  shows  a  violent  tendency  to  increase  yaw  when  the  eqilibrium  line  is 

exceeded,  the  reverse  is  true  of  the  tailored  afterbody  model;  the  unstable 

equilibriimi  line  of  the  basic  model  has  been  replaced  by  a  line  of  weak  stable 

equilibrium  and  the  tailored  hull  in  consequence  should  be  controllable  at  angles 

of  yaw  in  excess  of  10°,  Such  a  characteristic  would  be  most  useful  in  cross  wind 
landings, 

3*6,  Elevator  Effectiveness 


The  effects  of  a  tailored  afterbody  on  ne  an  elevator  effectiveness 
are  shown  in  Pigiure  25.  At  the  lower  loading  the  curve  for  Model  J  lies  below 
that  for  the  basic  model  and  the  separation  increases  with  speed,  though  at  no 
time  is  it  great;  at  the  higher  loaSing  there  is  little  practical  difference 
between  the  two  models.  Perhaps  the  most  significant  effect  that  tailoring  the 
afterbody  has  on  elevator  effectiveness  is  the  reduction,  about  one  third,  in 
the  effect  of  of  load  change, 

4.  C0^^CLUSI0T'^ 


The  results  of  the  present  investigation  shov  that  considerable  gains 
in  hydrodynamic  stability  and  spray  characteristics  are  obtained  by  applying  the 
tailoring  design  technique  to  the  afterbody  of  a  high  length/beam  ratio  flying 
boat  hull.  The  detailed  effects  of  tailoring  the  afterbody  (but  not  the  main 
step)  ore 

( i)  to  increase  maximum  lower  critical  trim  and  slightly  reduce  the  speed 
at  which  it  occurs, 

( ii)  to  increase  trim  generally  and,  in  particular,  to  increase  hunp  trim 
and  the  maximum  trim  available  with  normal  elevators, 

( iii)  to  raise  the  upper  undisturbed  stability  limit  while  at  the  same  time 
reducing  the  extent  of  the  upper  unstable  region, 

( iv)  to  slightly  reduce  the  effect  of  load  on  the  position  of  the  lower 
stability  limit, 

( v)  to  increase  resistance  to  disturbance, 

(vi)  to  increase  disturbed  amplitudes  of  porpoising  at  high  loadings  and 
to  slightly  decrease  them  at  the  low  loadings, 

(vii)  to  move  the  spray  origin  backwards,  giving  rise  to  improved  spray 
characteristics  (associated  with  (ii)), 

(viii)  to  improve  considerably  directional  qualities  from  high  displacement 
speeds  upwards  and 

( ix)  to  reduce  the  effect  of  load  on  elevator  effectiveness. 

The  effects  listed  above  are,  except  where  otherwise  indicated, 
independent  of  load. 

The  tailored  afterbody  design  technique  has  been  proved  efficacious  in 
the  case  of  a  high  length/beam  ratio  hull  by  the  present  tests,  but  in  a  practical 
design  case  the  application  of  the  technique  should  include  the  modification  of 
main  step  and  chines.  The  main  step  diould  be  considered  in  conjunction  with 
the  afterbody;  it  should  be  faired  so  as  to  induce  a  suitable  airflow  under  the 
afterbody,  or  ducted  and  have  an  independent  air  supply.  The  afterbody  chines 
are  unwetted  except  near  the  rear  step,  so  they  could  be  faired  and  this  would  not 
only  further  aid  afterbody  ventilation  but  would  reduce  aerodynamic  drag.  Finally, 
the  afterbody  deadrise  angles  should  be  sufficient  but  not  excessive  as  useful 
afterbody  volume  would  be  lost  thereby. 
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Mcdels  for  hydrodynamic  stability  tests 


kodel 

Porebody 

warp 

Afterbcxly 

length 

Afterbody-fore  body 
keel  angle 

Step 

form 

To  determine 
effect  of 

degrees 
per  beam 

beams 

degrees 

A 

0 

5 

6 

Porebody 

B 

4 

5 

6 

warp 

C 

8 

5 

6 

D 

0 

4 

6 

• 

Afterbody 

A 

0 

5 

6 

•  £ 

4)  S 

ts 

length 

E 

0 

7 

6 

P 

0 

9 

6 

C  • 

U  ° 

-P 

G 

0 

5 

4 

•P 

<D  a> 

Afterbody 

A 

0 

5 

6 

•H 

03  P< 

angle 

H 

0 

5 

8 

fo  W 

A 

0 

5 

6 

Tailored 

J 

0 

5 

6 

afterbody 

A 

0 

5 

6 

B 

4 

5 

6 

E 

0 

7 

6 

Interaction 

H 

0 

5 

8 

of 

parameters 

K 

4 

5 

8 

L 

4 

7 

6 

M 

0 

7 

8 

F 

4 

1 

7 

8 

/  TABLE  II 
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TABIB  II 

MODEL  J 

HYDBODXNAMIC  DATA 

Beera  at  step  (b) 

0.475’ 

Length  of  foirebody  (6b) 

2.850* 

Length  of  afterbody  ( 5b) 

2.375* 

Porebody  deadrise  at  step 

25° 

Porebody  warp  (per  beam) 

0° 

Afterbody  fom 

tailoz«d  (See  Figure  ^ 
for  afterbody  deadrise 
angle  distribution*) 

Afterbody  angle 

6° 

Pitohing  moanent  of  inertia 

23,90  lb.ft,^ 

/  'EABI^  III 
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TABIB  III 

Model  Aerodynamic  data 

Mainplane 


Section 

Gottingen  43^  (mod.) 

» 

Gross  area 

6. 85  sq.  ft. 

Span 

6.27  ft. 

S.M.C. 

1.09  ft. 

Aspect  ratio 

5.75 

Dihedral  \ 

3°  O' 

)  on  30^  0pap  ajcis 

Sweepback  ; 

4°  O' 

Wing  setting  (root  chord  to  bull  datum) 

6°  9* 

Tailplane 

Section 

R.A.F,  30  (jnod.) 

Gross  area 

1.33  sq.  ft. 

Span 

2.16  ft. 

Total  elevator  area 

0,72  sq.  ft. 

Tailplane  setting  (root  chord  to  hull  datum) 

2°  0’ 

Fin 

Section 

R,A.F.  30 

Gross  area 

0«S0  S(^* 

Height 

1.14  ft. 

General 

*  C.G.  position 

distance  forward  of  step  point 

0.237  ft. 

distance  above  step  point 

0.731  ft. 

*  1  chord  point  S.M.C . 

distance  forward  of  step  point 

0.277  ft. 

distance  above  step  point 

1.015  ft. 

*  Tail  am  (C.G.  to  hinge  axis) 

3.1  ft. 

*  Height  of  tailplane  root  chord  L.E.  above  hull  crown 

0.72  ft. 

*  These  distances  are  measured  either  parallel  to  or  normal 
to  the  hull  datum. 
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LONGITUDINAL  STABILITY  WITHOUT  DISTURBANCE,  C.  =  2-75 


FIG.  8 


LONGITUDINAL  STABILITY  WITH  DISTURBANCE.  =  2-75 


®  K 
OeGREES 


(a)  UNDISTURBED 


DEGREES 


4  5  6  7^0  9  lO 

(b)  DISTURBED 


EFFECT  OF  A  TAILORED  AFTERBODY  ON  LONGITUDINAL 

STABILITY  LIMITS 


30 


FIG.  lO 


O 


O' 


00 


r» 


<0 


> 

in(J 


m 


M 


O 


<M 


<M 


O 


o’ 


MODEL  J 

LOAD  COEFFICIENT  CURVES,  C  =  2-25 


o-e 


FIG.  1 1 


o 


o 


00 


o 


> 

in  (J 


It 


O 


o 


MODEL  J 

LOAD  COEFFICIENT  CURVES,  C  =  2-75. 
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